INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the most common causes of liver disease worldwide. 1e3 In the USA approximately 30% of the population now has NAFLD. 2 Obesity and insulin resistance are key risk factors for the development of NAFLD. The majority of patients with NAFLD have simple steatosis, which carries a good long-term prognosis. 4e7 However, patients with non-alcoholic steatohepatitis (NASH) are at risk of progressive fibrosis, cirrhosis and hepatocellular carcinoma. As patients with NASH-related cirrhosis may have a poor prognosis, 11 12 it is important to identify subjects with advanced fibrosis so they can be screened for complications of liver disease, such as varices and hepatocellular carcinoma and eventually entered into treatment trials aimed at reversing or preventing progression of fibrosis. Currently, the 'gold standard' investigation for the assessment of hepatic fibrosis and inflammation is liver biopsy. However, this is invasive and may result in complications. 13 In addition, liver biopsy only samples a small portion of the liver, which may result in sampling error. 14 With the high prevalence of NAFLD in the population 2 and the majority of patients having simple steatosis or low-grade NASH, 15 liver biopsy may not be an appropriate investigation for many of these patients. Therefore, non-invasive tests that can reliably diagnose or exclude advanced fibrosis would be clinically beneficial to reduce the need for liver biopsy. Significance of this study What is already known on this subject?
< Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease in developed countries. < Liver biopsy is the current gold standard investigation to stage fibrosis in patients with NAFLD, but is invasive. < Several simple non-invasive clinical scoring systems have been proposed to diagnose advanced fibrosis in patients with NAFLD, but are not widely used. < There is urgent need for effective non-invasive tests to accurately diagnose or exclude advanced fibrosis in NAFLD and other liver diseases.
What are the new findings?
< AST/ALT ratio, FIB-4 score, NAFLD fibrosis score and BARD score can reliably exclude advanced fibrosis in patients with NAFLD. < Using non-invasive scores to exclude advanced fibrosis liver biopsy can be avoided in more than two thirds of patients with NAFLD.
How might it impact in clinical practice in the foreseeable future?
< Introduction of these scores in clinical practice may reduce the proportion of patients who require liver biopsy to diagnose mild disease.
Several clinical scoring systems based on simple clinical or laboratory indices have been proposed to identify advanced fibrosis in patients with NAFLD and other liver diseases. These include the aspartate aminotransferase (AST)-to-platelet ratio index (APRI), 16 the AST/alanine aminotransferase (ALT) ratio, 17 the BARD score, 18 the FIB-4 score 19 and the NAFLD fibrosis score. 20 However, many of these need to be validated prior to their widespread use. The aim of this study was to compare the diagnostic performance of a number of simple non-invasive tests in identifying advanced fibrosis in a cohort of subjects with biopsy-proven NAFLD from the UK.
PATIENTS AND METHODS
Consecutive patients with biopsy-proven NAFLD were recruited from the Newcastle Hospitals Fatty Liver Clinic from 2003 to 2009. Ethical approval was obtained from the Newcastle Hospitals Ethics Committee. Subjects who had been included in a previous study that derived the NAFLD fibrosis score were excluded from this study. 20 Clinical and laboratory data was collected from the time of liver biopsy. Patients were excluded if they consumed more than 30 g of alcohol per day for males or more than 20 g per day for females. 10 Patients who had evidence of coexistent liver disease were also excluded. In addition, patients whose liver biopsy was regarded as inadequate for staging purposes or who had incomplete data to calculate all the non-invasive scores were excluded.
Relevant clinical details such as gender, age, weight, height and average alcohol intake (g/day) from the preceding 6 months were obtained from all patients at the time of liver biopsy. Information regarding average alcohol intake (g/day) prior to the last 6 months was also obtained. The body mass index (BMI) was calculated by the formula: weight (kg)/height (m) 2 . Waist circumference (in centimetres) was measured at the midpoint between the lower costal edge and upper iliac crest following a normal expiration. Patients were identified as having diabetes if they were taking an oral hypoglycaemic drug or insulin, or had been diagnosed with diabetes according to the 2004 American Diabetic Association criteria. 21 Blood test results from the time of liver biopsy or within 3 months were recorded.
The APRI was calculated as AST (IU/l)/(upper limit of normal)/platelet count (310 9 /litre)3100. 16 The FIB-4 score was calculated: age 3 AST (IU/l)/platelet count (310 9 /litre)3OALT (IU/l). 19 The NAFLD fibrosis score was calculated according to the following formula: À1.675+0.0373age (years)+0.0943BMI (kg/m 2 )+1.133impaired fasting glycaemia or diabetes (yes¼1, no¼0)+0.993AST/ALT ratio À0.0133platelet (310 9 /litre)À 0.663albumin (g/dl). 20 The BARD score was the weighted sum of three variables (BMI>28¼1 point, AST/ALT ratio>0.8¼2 points, diabetes¼1 point). 18 Percutaneous liver biopsies were performed using an 18G BioPince liver biopsy system (Medical Devices Technologies, Gainville, Florida, USA) or a Menghini needle. Liver biopsy specimens were assessed by an experienced hepatopathologist (AB). Histological scoring was performed according to the according to the NIH NAFLD Clinical Research Network criteria. 22 A score of 5 or more by this system was required to make a diagnosis of NASH and a pre-requisite was a score of at least 1 for ballooning degeneration. Internal quality assurance systems demonstrated no significant intra-observer variation in the histological assessment.
All statistical analyses were performed using SPSS software version 14.0 (SPSS Inc.). Continuous normally distributed variables were represented as mean6SD. Categorical and non-normal variables were summarised as median and range. c 2 tests were used to determine the distribution of categorical variables between groups. To compare the means of normally distributed variables between groups the Student t test was performed. To determine differences between groups for continuous non-normally distributed variables, medians were compared using the ManneWhitney U test. The diagnostic performance of non-invasive tests was assessed by receiver operating characteristic (ROC) curves. The area under the ROC (AUROC) was used as an index to compare the accuracy of tests. The sensitivity, specificity, positive predictive values (PPV) and negative predictive values (NPV) for relevant cutoffs were also displayed.
RESULTS
A total of 217 patients were identified, but 72 were excluded (65 incomplete data and seven had participated in a previous study 20 ). Therefore, data for 145 patients was analysed. The demographic and laboratory characteristics of all patients are shown in table 1. Eighty-eight patients (61%) were male and the mean age was 51612 years. One hundred and twenty-seven patients (87%) were obese (BMI $30) and the mean BMI was 3565 kg/m 2 . Ninety-three patients (63%) had NASH on liver biopsy and 27 patients (19%) had advanced fibrosis (Kleiner fibrosis stage 3 or 4).
As the identification of patients with advanced fibrosis is of clinical importance, the clinical and laboratory features of subjects with no/mild fibrosis (stage 0e2) were compared with patients with advanced fibrosis (stage 3e4) and the results are shown in table 2. As expected, in comparison with subjects with no/mild fibrosis, patients with advanced fibrosis were significantly older (p<0.001), more likely to be female (p¼0.02) and had lower platelets counts (p¼0.001), serum cholesterol levels (p¼0.01) and triglyceride (p<0.001) levels. Interestingly, patients with advanced fibrosis had significantly lower serum ALT levels than patients with no/mild fibrosis (p¼0.001), but the AST levels were similar (p¼0.65), resulting in lower AST/ ALT ratios in patients with advanced fibrosis. In addition, the APRI (p¼0.01), BARD score (p<0.001), FIB-4 score (p<0.001) and NAFLD fibrosis score (p<0.001) were all significantly higher in patients with advanced fibrosis, compared with subjects with no/mild fibrosis. In order to compare the diagnostic accuracy of the scoring systems, ROC curves were used (figure 1). Using this method, the FIB-4 score had the best diagnostic accuracy for advanced fibrosis (AUROC 0.86), followed by AST/ALT ratio (AUROC 0.83), NAFLD fibrosis score (AUROC 0.81), BARD score (AUROC 0.77) and APRI (AUROC 0.67). The sensitivity, specificity, positive predictive values (PPVs) and negative predictive values (NPVs) of each test using previously published cut-offs are shown in table 3. 16 18 20 23 The FIB-4 and BARD score had the highest NPVs of 95% using their lower cut-offs, but the AST/ALT ratio and NAFLD score also performed well with NPVs of 93% and 92% respectively. The NAFLD fibrosis score and FIB-4 had the highest PPVs of 79% and 75% respectively.
As the NPVs for AST/ALT ratio, BARD score, FIB-4 score and NAFLD fibrosis score were all greater than 90% using their lower cut-offs, these tests may have sufficient accuracy to be used clinically to exclude advanced fibrosis. Using this approach, a significant proportion of patients could avoid liver biopsy using each of these tests (table 4). As the PPV were modest for all noninvasive tests, ranging from 27% to 79%, it was felt they were not accurate enough to be used as an alternative to liver biopsy.
DISCUSSION
The major finding of this study was that the AST/ALT ratio, BARD score, FIB-4 score and NAFLD fibrosis score all had high NPV ($92%) for advanced fibrosis in a cohort of patients with NAFLD. This suggests they could be used clinically to exclude advanced fibrosis in subjects with NAFLD. Using the simplest of these systems, the AST/ALT ratio (<0.8), to exclude advanced fibrosis, liver biopsy could have been avoided in 69% of patients in our cohort and 93% would have been classified correctly. Similarly, liver biopsy could have been avoided in more than half of patients using the FIB-4 and NAFLD fibrosis scores with similar accuracy (table 4) . Given the large numbers of patients with NAFLD who are currently being referred to liver clinics for evaluation, use of these non-invasive tests could substantially reduce the number of liver biopsies being performed. This would result in significant benefit to patients by directing liver biopsy to those more likely to have advanced liver disease, as well as lead to cost savings.
In contrast to the NPV, the PPV for each test were modest ranging from 27% to 79%. Therefore, these tests do not have sufficient accuracy to be used to diagnose advanced fibrosis, particularly in view of the seriousness of this diagnosis. It would therefore seem appropriate to consider liver biopsy in all patients who have a value above the lower cut-off for the chosen noninvasive score. Clearly, liver biopsy may also be indicated for individuals in whom the diagnosis in uncertain or where a coexistent disease may be suspected.
The major advantage of using any of these simple scoring systems is that they are derived from readily available clinical and laboratory indices. Clearly, the AST/ALT ratio and BARD score are the simplest and can be calculated easily when a patient is reviewed in the clinic. The FIB-4 and NAFLD fibrosis scores require more complex calculation, but the relevant details can easily be entered onto a pre-designed Excel spreadsheet that can produce an instant result in front of the patient. Therefore, introduction of the use of these tests into daily practice should be relatively simple and will not result in extra costs.
A number of other panels of serum markers of fibrosis such as the Enhanced Liver Fibrosis panel and Fibrotest have been . ALB, albumin; ALT, alanine aminotransferase; APRI, AST-to-platelet ratio index; AST, aspartate aminotransferase; BMI, body mass index; GGT, gamma-glutamyl transferase; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis. Figure 1 Receiver operating characteristic (ROC) curves for the noninvasive scores for a diagnosis of advanced fibrosis (Kleiner fibrosis stage 3e4). ALT, alanine aminotransferase; APRI, AST-to-platelet ratio index; AST, aspartate aminotransferase; NAFLD, non-alcoholic fatty liver disease.
evaluated in patients with NAFLD. 24 25 These tests are relatively expensive as they involve the measurement of markers of matrix turnover. The Enhanced Liver Fibrosis panel has been assessed in a large cohort of patients with NAFLD, but performed only marginally better than the NAFLD fibrosis score in predicting advanced fibrosis (AUROC 0.93 vs 0.89). 24 More recently hepatic fibrosis was assessed by liver stiffness measurement using transient elastography in a cohort of patients with NAFLD from Hong Kong and France. 26 In that study, liver stiffness measurement was accurate for excluding advanced fibrosis (Kleiner stage 3e4) and performed better than simple noninvasive scores (AST/ALT ratio, APRI, BARD, FIB-4 and NAFLD fibrosis score). However, transient elastography is not widely available and not validated in this disease group. In addition, the success rate was poor in patients with a BMI>35, which represented 46% of patients in our cohort. A new probe for patients with obesity may improve the success rate in this population. 27 It is possible that a combination of transient elastography and simple non-invasive markers of fibrosis may perform better than each alone, but this needs to be assessed in future studies.
Currently, there is very limited guidance for general practitioners regarding which patients with NAFLD to refer to secondary care for further evaluation. Many doctors overly rely on the ALT level as a surrogate marker of disease severity. However, interestingly, in this study patients with advanced fibrosis had significantly lower ALT levels than those with no/ mild fibrosis, so clearly the ALT has no role in identifying patients with advanced disease. This finding was also observed in a previous study. 18 As it is not realistic for all patients who have NAFLD to be referred to liver services for evaluation, clear guidance for general practitioners is needed. In this study, the increasing AST/ALT ratio was associated with advanced fibrosis and a cut-off value of >0.8 was associated with higher risk of advanced fibrosis. Therefore, an AST/ALT ratio of >0.8 could be used as a screening tool to determine which patients with NAFLD should be referred to secondary care for evaluation.
One limitation of this study is that it took place in a tertiary liver centre where there may be selection bias. Our cohort was very obese with a mean BMI of 35 kg/m 2 and 50% were diabetic. Approximately two thirds of the patients had NASH, which is a higher proportion of patients with progressive disease than would be seen in a more general setting. However, we propose these tests as clinical tools to exclude advanced fibrosis, and in populations with less severe disease these tests may have even higher NPV. Therefore, the results of this study should have wide applicability, but this needs to be validated.
The simple non-invasive scoring systems evaluated in the present study have a role in the assessment of fibrosis, but are not effective in differentiating patients with simple steatosis from those with NASH. This will be of significant clinical importance when effective therapies that prevent progression of NASH are available. Other serum tests such Nashtest and caspase-generated CK18 fragments have shown promise in the differentiation between simple steatosis and NASH, but need further evaluation before entering routine practise. 28 29 In conclusion, this study showed that the AST/ALT ratio, BARD score, FIB-4 score and NAFLD fibrosis score can reliably exclude advanced fibrosis in subjects with NAFLD. Introduction of these scores in clinical practice may reduce the proportion of patients that require liver biopsy to diagnose mild disease. ALT, alanine aminotransferase; APRI, AST-to-platelet ratio index; AST, aspartate aminotransferase; AUROC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative predictive value; Sens, sensitivity; Spec, specificity. 
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